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Objectives: to evaluate the distribution of superficial and deep venous reflux in patients with chronic leg ulcers.
Materials: retrospective study of 186 patients with chronic leg ulcers (212 lower limbs).
Results: in 127 legs without arterial disease and a history of deep venous thrombosis (DVT), 62 (49%) had superficial,
45 (35%) had superficial and deep, and 14 (11%) had isolated deep venous reflux. In legs with a previous DVT, isolated
deep venous reflux was more common (21/55, 38%) but superficial reflux, often in combination with deep reflux, still
predominated (56%).
Conclusions: a large part of the venous insufficiency causing venous leg ulcers is superficial and suitable for varicose
vein surgery. In patients with chronic leg ulcers most reflux affects the superficial system and is potentially suitable for
surgical correction.
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Introduction insufficiency and post-thrombotic syndrome.7,8 How-
ever, recent studies have shown that superficial venous
Chronic venous disease in the lower limbs is common. insufficiency alone seems to be a more common cause of
venous ulcer than previously believed. Several authors,If all degrees of varicose veins and chronic venous
insufficiency are included, the prevalence is about using descending phlebography, ambulatory venous
pressure (AVP), plethysmography or ultrasound, have50–55% in women and 40–50% in men.1 Complicated
cases of chronic venous insufficiency are also fre- described isolated superficial venous insufficiency in
patients with venous leg ulcer, but the frequencies varyquently found. Additionally, approximately 2% of the
population will some time in their lives suffer from considerably, 13–97% (Table 1).4,9–22
Colour Doppler ultrasound (CDU) has significantlyleg ulceration, half of these from venous leg ulcers,
and the ratio of open ulcers to previous ulcers has improved our diagnostic capacity. It is now possible to
localise the level of reflux both in the superficial andbeen estimated to have been halved.2
Leg ulcers are caused by a wide range of factors but in the deep venous systems. CDU provides accurate
anatomical and functional information with a fast andvenous disease is the most common. Approximately
70% of ulcers above the foot are of mainly venous (for the patient), convenient method.
The aim of the present investigation was to evaluateorigin.3,4 Age is a risk factor for both venous and
arterial insufficiency and the leg ulcer prevalence in the distribution of venous insufficiency in patients
with chronic leg ulcers using CDU.patients over 65 years is estimated to be about 4%.5
Venous aetiology among recurrent ulcers is frequent
and the venous ulcer duration is longer than for ulcers
of other aetiologies.6
Patients and MethodsSince themiddleof the last centurychronicvenous leg
ulcers have mainly been associated with deep venous
Patients
A total of 186 patients with chronic leg ulcers (212
∗ Please address all correspondence to: M. Magnusson, Department lower limbs), referred to the Department of Clinicalof Clinical Physiology, Centralkliniken, Sahlgrenska Universitets-
sjukhuset/O¨stra, S-416 85 Go¨teborg, Sweden. Physiology during the years 1990–1995 for venous
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Table 1. Studies showing the distribution of venous insufficiency in patients with chronic venous ulcers.
Author (ref) Year % Venous insufficiency distribution Method n
Superficial Deep Combined
Hoare9 1982 25 bi-Doppler 80
Sethia10 1984 28 33 30 Venography 60
Cornwall11 1986 43 27 11 CW, PPG 117
Wright12 1988 97 42 bi-Doppler, AVP 300
McEnroe13 1988 13 72 15 PPG 142
van Bemmelen14 1990 23 0 77 Duplex 12
8∗ 17∗ 75∗ 13∗
Nelzen4 1991 47 11 42 bi-Doppler 332
Hanrahan15 1991 17+(19) 2 54 Duplex 95
Mastroroberto16 1992 22 16 29 Duplex 51
Lees17 1993 52 12 36 CDU 25
Shami18 1993 53 15 32 Duplex, CDU 79
van Rij19 1994 40+(26) 8 20 CDU 120
Labropoulos20 1995 23+(21) 10 40 CDU 112
Myers21 1995 38 8 48 Duplex, CDU 96
Grabs22 1996 51 5 38 CDU 111
Magnusson 2000 49/51 11/15 35/37 CDU 127/121
7∗ 38∗ 49∗ 55∗
( ) in combination with perforators, ∗ secondary insufficiency. Abbreviations: CW=Continuous Wave Doppler, bi-
Doppler=bidirectional Doppler, PPG=photoplethysmography, AVP=Ambulatory Venous Pressure, CDU=Colour
Doppler Ultrasound.
ultrasound were included in the study. Patients with examined. The technique of examination has been
active and healed ulcers were included. The criteria described in detail previously.24 The technique has
for inclusion were ulcer location above the foot and a been used at the clinic for several years and the
duration of more than 6 weeks. Six patients had bi- examiners were well experienced.
lateral ulcers. Previous varicose vein surgery had been Venous valvular incompetence was assessed using
performed on 83 legs. Eleven patients (6%) in the total the Valsalva test and calf compression (manual or with
group (186), with 12 ulcerated legs, had diabetes. The a pneumatic cuff). The increased abdominal pressure
median age of the total group was 63 years (range during the Valsalva manoeuvre provokes reversed
25–88), the 101 women having a median age of 67 blood flow if the venous valves are incompetent. Calf
years (range 34–88) and the 85 men 59 years (25–85). compression and decompression simulates the calf
The patients had primary or secondary venous in- muscle pump. Valvular incompetence is shown by
sufficiency or primary venous insufficiency combined reversed flow during decompression. A semi-quan-
with arterial insufficiency, and the groups were char- titative grading (1=mild, 2=moderate and 3=severe)
acterised with the CEAP classification (CEAP=clin- was based on blood flow velocity (frequency shift)
ical, etiological, anatomical, pathophysiological).23 and duration estimated from the colour scale. Thus,
Patients with mixed arterial and venous insufficiency high velocity and turbulence, as indicated by a pale
had either clinical evidence of arterial insufficiency, colour and sometimes a mosaic colour pattern as well
mild or moderate, and/or signs of obstructive ar- as a long duration, gives high grading. Low velocity, as
teriosclerosis at the ultrasound examination, but none indicated by a darker colour and short reflux duration,
of them had a history of deep venous thrombosis gives low grading. A local jet flow at the valve level
(DVT). All patients were classified as C5 or C6 according was not considered significant. The vein diameter was
to CEAP. The material was analysed overall as well not directly included in the grading, but incompetent
as in subgroups: primary insufficiency, secondary in- veins are normally wider than competent. The grad-
sufficiency and mixed arteriovenous insufficiency. ings were estimated by longitudinal colour flow im-
aging and the same colour scale was used throughout
the study.
The long saphenous and the femoral veins wereColour Doppler Ultrasound
examined with the patient in the supine position and
the popliteal vein and short saphenous veins with theExaminations were performed using an Acuson 128
patient in the prone position on a bed tilted 40°,(Acuson Corp., Mountain View, CA, U.S.A.) colour
feet down. The veins were imaged during repeatedflow duplex with a 5 MHz linear probe. All major
veins of the lower limb, from groin to ankle, were Valsalva manoeuvres and calf compressions. The pos-
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Table 2. Accuracy of venous reflux grading using reflux duration Table 3. The distribution of venous insufficiency in the primary,
secondary and arterial groups, n=legs.as the gold standard. The duration was estimated from colour-
flow reversal from videotapes and including the total patient
group. Duration >1 s and reflux grade [2 was considered sig- Primary Secondary Arterial
insufficiency insufficiency insufficiencynificant.
(n=127) (n=55) (n=30)
Accuracy % n
n % n % n %
Long saphenous vein 95 172
Short saphenous vein 93 158 Superficial 62 49 4 7 12 40
system onlySuperficial femoral vein 97 197
Deep femoral vein 95 198 Deep system 14 11 21 38 6 20
onlyPopliteal vein (proximal) 90 196
Popliteal vein (distal) 86 185 Deep and 45 35 27 49 8 27
superficial
Non-significant 6 5 3 5 4 13
reflux in majorterior tibial, the peroneal veins and the calf perforators veins
were tested with the patient sitting on a bed with
the foot in the examiner’s lap. Manual calf or foot
compression was used for testing reflux in the lower Results
leg. Perforator reflux was defined as an outward flow
from deep to superficial veins during compression/ Of 212 limbs with chronic leg ulcers, 157 (74%) had
decompression. Both cross-sectional and longitudinal primary venous insufficiency without known history
imaging was used. of DVT (C5,6EPAS,D,PPR). Thirty of these limbs (19%)Based on colour Doppler findings in the long and showed combined arterial and venous insufficiency
short saphenous as well as the femoral and the pop- (history of arterial insufficiency or signs at the ex-
liteal veins, venous insufficiency in the legs was clas- amination). In the primary venous insufficiency group
sified as mainly superficial (long and/or short without arterial disease, 127/212 limbs (60%), there
saphenous vein), mixed superficial and deep or mainly were 69 women and 46 men, with a median age of
deep (superficial femoral and/or deep femoral vein 66 years (range 34–85) and 57.5 years (range 25–81),
and/or popliteal vein). In the analysis, an arbitrary respectively. A total of 55 out of 212 limbs (26%) had
limit was used to differentiate between significant secondary venous insufficiency with a history of DVT
and non-significant reflux. Thus reflux grade [2 was (C5,6ESAS,D,PPR). One of these had arterial insufficiencyconsidered significant and grade <2 non-significant and thrombosis There were 22 women and 30 men in
both in superficial and deep veins. Insufficient deep the post-thrombotic group (52 patients). The median
calf veins and perforators are presented separately. age was 65.5 years (range 34–88) and 56 years (range
All the examinations were videotaped. 25–85), respectively. Patients with combined arterial
and venous insufficiency, 12 women and 12 men, were
older than the group in general. The median age wasStatistics and validation of method
77.3 years (range 57–88) for women and 72.4 years
(range 56–87) for men.Data were analysed on a PC using Microsoft Access
and Excel. In order to validate reflux grading, the
flow grades were compared with mean peak velocity
estimated with pulsed Doppler in the same vein. The Primary insufficiency group
correlation coefficient was estimated to 0.65.
To determine reproducibility of the grading, 69 veins In the primary venous insufficiency group, 74 out
of 157 limbs (47%) showed mainly superficial refluxwere examined by two different investigators. It was
a 91% inter-rater agreement between the two in- (C5,6EPA2–4.SPR), 53 (34%) mixed superficial and deep
reflux (C5,6EPA2–4.S,12–16.D,17–18.PPR) and 20 (13%) mainlyvestigators, with a kappa-value of 0.88 (strength of
agreement=very good, DG Altman). Agreement be- deep reflux (C5,6EPA12–16.D,17–18.PPR). When arterial in-
sufficiency was excluded (n=127) the correspondingtween reflux duration in seconds (“gold standard”),
estimated from colour-flow reversal from video-tapes, figures were 62 (49%) superficial, 45 (35%) mixed
and 14 (11%) deep reflux (Table 3). Non-significantand our grading in the total patient group was evalu-
ated by cross-tabulation. Duration >1 s or Ζ1 s vs reflux in major veins was observed in six legs (5%).
In the primary insufficiency group, a large pro-grading[2 or <2 was used to separate significant and
non-significant reflux. The results are summarised in portion (45%) of the patients had previously under-
gone varicose vein surgery. This was true for allTable 2.
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Table 4. Veins with significant insufficiency (grades 2–3) in the secondary group the corresponding figures were al-
primary, secondary and arterial groups. Some legs had more than most equal (7% superficial, 55% mixed and 36% deepone vein with either superficial or deep insufficiency, n=legs.
insufficiency).Non-significant reflux inmajor veinswas
Primary Secondary Arterial observed in three legs (5%).
insufficiency insufficiency insufficiency Significant deep vein reflux was thus found in 48(n=127) (n=55) (n=30)
of the 55 extremities with a history of thrombosis
n % n % n % (87%). On the other hand, 31 out of 55 (56%) had
significant superficial incompetence, isolated or inSuperficial 44 35 40 73 11 37
femoral vein combination with deep reflux. Popliteal vein in-
(SFV) sufficiency was observed in the majority (46/48, 96%)
Deep femoral 16 13 23 42 3 10 of limbs with deep or mixed incompetence (Table 4).vein (DFV)
Popliteal vein 43 34 46 84 8 27 Most limbs had either two or three incompetent major
(POPL) deep veins (Table 7) and calf vein incompetence was
Long saphenous 88 69 21 38 17 57 quite frequent (Table 5). Two legs showed isolatedvein (LSV)
Short saphenous 45 35 20 36 9 30 popliteal reflux.
vein (SSV) Twelve patients had previously undergone varicose
Non-significant 6 5 3 5 4 13 vein surgery. Of the 55 extremities with a previousmajor veins
history of DVT, 32 limbs (58%) showed post-throm-
botic signs of varying grade at the ultrasound ex-
amination.subgroups. Thus, half of the patients considered to
Legs with incompetent perforators were observedhave isolated deep insufficiency (7/14) had previously
in all subgroups. In the mixed group, 74% of theundergone saphenous vein surgery. All legs with isol-
legs had one or more incompetent perforators, in theated deep insufficiency, except for two, had popliteal
isolated deep group 48% and in the isolated superficialreflux (86%); 31 out of 45 (69%) in the mixed group
group 25% (Table 5).had popliteal reflux (Table 4).
At the ultrasound examination, we found six out of
127 legs (5%) in the primary venous insufficiency
Arterial and venous insufficiency groupgroup to have signs of post-thrombotic veins (non-
occlusive). All of them belonged to the mixed or
Arterial insufficiency in combination with primarydeep venous insufficiency group and all of them had
venous insufficiency was found in 30 legs (21 patients,incompetence in the popliteal vein. Thus, with sub-
including five patients with diabetes). The distributionclinical thrombosis excluded from the primary in-
of venous insufficiency was 12 out of 30 (40%) mainlysufficiency group, 62 out of 121 (51%) had superficial,
superficial, eight out of 30 (27%) mixed and six out of40 (33%) mixed and 13 (11%) isolated deep reflux.
30 (20%) mainly deep reflux. Non-significant reflux inLegs with incompetent perforators were observed
major veins was found in four legs (13%). Six patientsin all subgroups. In the superficial group, 44% of the
had previously undergone varicose vein surgery. Ul-legs had one or more incompetent perforators (reflux
cers in both legs were more common in the arterialgrade [2). In the mixed and deep groups the cor-
group (6/30, 20%) than in the primary insufficiencyresponding figures were 64% and 43%, respectively
group (10/127, 8%) and the post-thrombotic group(Table 5). In all the subgroups one incompetent per-
(2/55, 4%). In the arterial group two subclinical post-forator per leg was most common. Two or more in-
thrombotic legs were found.competent perforators were seen in the superficial and
Legs with incompetent perforators were observedin the mixed group (Table 6).
in all subgroups. In the superficial group 42% of the
legs had one or more incompetent perforators. In the
mixed and isolated deep group the corresponding
Secondary insufficiency group figures were 88% and 17% (Table 5). In all subgroups
one incompetent perforator per leg was more common.
In the secondary insufficiency group, i.e. patients with
a history of DVT, four out of 55 limbs (7%) had mainly
superficial (C5,6ESA2–4.SPR), 27 (49%) mixed (C5,6ESA2–4.S, Non-significant reflux
12–16.D,17–18.PPR) and 21 (38%) mainly deep reflux (C5,6
ESA12–16.D,17–18.PPR). If we included patients from the prim- In 13 patients (six patients in the primary group, three
patients in the secondary group and four in the arterialary group with subclinical thrombosis (n=6), in the
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Table 5. Other insufficient veins and perforators observed in the primary, secondary and arterial insufficiency groups, n=legs. Non-
significant subgroup=no significant reflux in major veins.
Primary insufficiency Secondary insufficiency Arterial insufficiency
(n=127) (n=55) (n=30)
Subgroups Super- Deep Mixed Non- Super- Deep Mixed Non- Super- Deep Mixed Non-
ficial sign ficial sign ficial sign
n=62 n=14 n=45 n=6 n=4 n=21 n=27 n=3 n=12 n=6 n=8 n=4
Peroneal vein 0 0 6 0 0 9 9 1 0 0 0 0
(13%) (43%) (33%) (33%)
Posterior tibial 0 0 13 0 0 10 15 1 0 0 1 0
vein (29%) (48%) (56%) (33%) (12%)
Gastrocnemius 7 3 7 0 0 3 15 0 0 2 1 0
vein (11%) (21%) (16%) (14%) (56%) (33%) (12%)
Giacomini vein 6 0 5 0 0 0 5 0 1 0 0 0
(10%) (11%) (19%) (8%)
Perforators, 3 3 4 2 1 0 2 0 4 0 0 0
thigh (5%) (21%) (9%) (33%) (25%) (7%) (33%)
Perforators, calf 27 6 28 0 1 10 20 1 5 1 7 1
(44%) (43%) (64%) (25%) (48%) (74%) (33%) (42%) (17%) (88%) (25%)
Table 6. Number of incompetent perforators per leg in the primary, isolated incompetent perforators were found, one in
secondary and arterial groups. S=superficial, D=deep and each location. In two patients with arterial insufficiencyS+D=mixed insufficiency.
(one with previous vein surgery and one with diabetes)
Number of Primary Secondary Arterial and in one patient with primary insufficiency and
perforators diabetes no venous insufficiency was found.S D S+D S D S+D S D S+D
1 15 5 19 0 6 12 3 1 5
2 8 1 6 1 3 8 0 0 2
3 4 0 3 0 1 0 2 0 0
Discussion
Table 7. Number of insufficient major deep veins in the mixed
Colour Doppler ultrasound can exactly localise theand isolated deep vein group. I=one deep vein, II=two deep
veins and III=three deep veins in combination. The deep veins incompetence to individual veins, which is important
are: superficial femoral vein, deep femoral vein and popliteal vein, to the surgeon. On the other hand, it is difficult ton=legs.
quantify the reflux with this method and ambulatory
Number of insufficient I II III venous pressure (AVP) is therefore often re-
major deep veins commended as a complement.25,26 The most frequently
used ultrasound criterion for significant reflux in pre-Mixed deep and superficial reflux
Primary (n=45) 16 23 6 vious studies has been a duration >0.5 or >1 s.27–31,38 In
(36%) (51%) (13%) the majority of healthy controls the reflux duration isSecondary (n=27) 4 8 15
<0.5 s, but in some symptom-free individuals reflux(15%) (30%) (56%)
Arterial (n=8) 5 3 0 duration is up to 1 s or even more.27,29 We have used
(63%) (38%) a semi-quantitative grading of back flow (0–3) in in-
Isolated deep reflux dividual veins based on colour Doppler with an ar-Primary (n=14) 6 5 3
britary border between significant ([2) and non-(43%) (36%) (21%)
Secondary (n=21) 5 9 7 significant (<2) reflux. This grading can be questioned.
(24%) (43%) (33%) In order to compare our grading and venous refluxArterial (n=6) 1 5 0
duration, we measured reflux duration on videotaped(17%) (83%)
flow recordings from all the veins in all patients. The
comparison shows good agreement (Table 2). Duration
>1 s seems to be a slightly more sensitive criterion forgroup), no significant reflux was found in major
superficial or deep veins. Six patients had previously significant reflux than grade [2 and a few more
patients will show significant reflux with the durationundergone varicose vein surgery. All but three patients
had some degree of venous insufficiency. Incompetent criterion. Furthermore, if we used duration to indicate
significant reflux the venous insufficiency distributionand/or dilated perforators were found in nine limbs,
two with thigh and seven with calf perforators. Two in the groups was almost the same as with the grading.
Eur J Vasc Endovasc Surg Vol 21, April 2001
M. B. Magnusson et al.358
The reproducibility between two examiners’ grad- The present investigation confirmed the high in-
ings was acceptable and as a rule duplicate estimates cidence of superficial reflux in primary venous in-
differed by less than one unit. Reasonable re- sufficiency found in recent reports. In our study the
producibility was also found by Evans et al.32 In a incidence of isolated superficial reflux was 49% (51%
previous study the CDU technique, including the grad- with subclinical thrombosis excluded) and if mixed
ing, was compared with retrograde phlebography.24 (superficial and deep) insufficiency was included 84%
The agreement between the two methods was fairly of the ulcerated legs in the primary group showed
good, particularly for proximal veins of the leg. Good significant superficial reflux. Isolated deep reflux was
agreement was also found between reflux grading less common (11%) in this patient group. This finding
and clinical symptoms. Neglen et al.33 found better is in agreement with others.17–19,21,22 Thus, in the primary
agreement with clinical symptoms with CDU than group the dominating reflux was found in the su-
with descending phlebography. Although the grading perficial system. In the post-thrombotic group, on
has limitations, it is our opinion that it can be used to the other hand, deep vein incompetence was more
indicate significant reflux. important (38% isolated deep and 49% mixed). How-
Venous leg ulcer patients have mainly been assigned ever, superficial incompetence, isolated (7%) or in
to conservative treatment since venous ulcer has gen- combination with deep incompetence, was also quite
erally been ascribed to deep vein insufficiency. It has frequent in the post-thrombotic group (56%). If legs
been stated that “primary varicose veins never give rise with previous vein surgery are considered as be-
to venous ulcers”.34,35 Evidence to the contrary is now longing to the superficial insufficiency group, the pro-
accumulating and several authors have reported that portion of legs with superficial or mixed insufficiency
superficial vein incompetence is important in the aeti- increases from 56% to 71% in the secondary group. In
ology of venous leg ulcer but the results are very di- the primary and arterial groups the distribution did
vergent. Thus, the reported frequency of superficial not change to the same extent. As was stated by Scriven
reflux ranges between 13% and 97% of ulcer patients,4, et al.,36 patients with secondary insufficiency, without9–22 using various methods of detection. Isolated deep venous obstruction, might also be considered for var-
reflux was reported in 2–33% and combined superficial icose vein surgery. On the other hand, patients who
and deep reflux in 11–54% (Table 1). The reasons for the do not have a known history of DVT might be found
variability may be different methods and study designs, to have post-thrombotic signs at CDU and those
as well as different patient selection. Criteria for sig- patients do not always benefit from varicose vein
nificant reflux may also differ between studies. Identical surgery. Classification of primary and secondary in-
or similar criteria are of course necessary to get com- sufficiency may sometimes be difficult if the medicalparable results. Older studies often used plethys-
history is incomplete and the patients do not re-mography or continuous wave “hand-held Doppler”,
member.which may be less accurate than CDU, which has been
In our study, combined arterial and venous in-used in more recent studies. Lees and Lambert,17
sufficiency was found in 19% of the primary in-Shami et al.18 and Grabs et al.,22 who used CDU and
sufficiency group; 40% of these patients had isolatedduplex ultrasound, found a 50% incidence of isolated
superficial incompetence. This is in agreement with pre-superficial incompetence among patients with venous
vious findings. Thus, approximately 20–26% of thoseleg ulcer. Most studies have included only primary in-
with venous ulcer had evidence of coexistent significantsufficiency, some studies including both post-throm-
arterial disease according to Nelze´n et al.4,6 and Corn-botic and primary venous insufficiency in the same
wall et al.11 Since compression therapy of venous in-patient group. Some studies did not describe the pro-
sufficiency may harm the arterial circulation,37,38 theseportions of primary and secondary insufficiency in the
patients might also be considered for vein surgery.group. Thus, in one earlier study13 that indicated a low
In 13 legs no significant reflux was found in majorincidence (13%) of isolated superficial incompetence,
superficial or deep veins studied. This does not exclude40% of the patients had a history of thrombosis. How-
venous insufficiency due to other insufficient veins,ever, other studies with post-thrombotic patients in-
including muscle veins, perforators or anomalouscluded had incidences of isolated superficial
veins.incompetence of 47% and 44%.4,20 In the more recent
Grading of incompetence in perforating veins isstudies17–19,22 with a higher incidence of superficial reflux
more difficult and uncertain than grading of major(>50%), post-thrombotic patients were probably ex-
veins and the perforators were calculated separatelycluded from the material. In the present study, as in
in the present investigation. In our study, perforatingthe study by Bemmelen et al.,14 primary and secondary
insufficiency were treated separately. veins of varying size, competent or incompetent, were
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seen in a high proportion of the legs in all groups. with chronic venous leg ulcer should be investigated
with colour Doppler ultrasound early in order to findMost perforators were to some extent incompetent,
potential cases for varicose vein surgery.with outward flow, and/or dilated. However, in the
present study only incompetent perforators were con-
sidered. The clinical importance of the reflux was
difficult to judge. The perforators were most often Acknowledgement
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